Background: Meningioma is the most common primary non-glial intracranial neoplasm . It occurs in adults between the ages of 40-70 years of age and tend to occur more often in women, the reported average age for females is 42 and that for males is 52 . Meningiomas are benign but locally aggressive tumor, they are found in the following anatomic sites in descending order of frequency: parasagittal region, falx, cerebellar convexity, olfactory groove, tuberculum sellae, sphenoid ridge, petrous face (CPA), tertorium, lateral ventricle, clivus as well as other sites . Objective: The aim of this study is to evaluate the role of MRI in evaluating typical and atypical meningiomas and predicting its pathological behavior. Methods: This study was carried out at Radio diagnosis Department, Zagazig University Hospitals, The present study was carried on 24 patients of typical and atypical meningiomas. Results : We studied 24 cases, 15 of them were typical and only 9 cases were atypical /malignant. Using routine MRI sequences, the meningiomas were diagnosed and DW images were performed using factor of b-0 and b-1000. Apparent diffusion coefficient (ADC) values were measured in the lesion and in the normal white matter. Atypical and malignant types tend to have atypical features by routine MRI such as: heterogeneous signal intensity, heterogeneous pattern of enhancement, irregular tumor margins, marked amount of peri-focal edema, bone or parenchymal invasion. Three or more of above mentioned atypical features could not be seen in the typical meningiomas being unique for atypical and malignant group. Diffusion weighted imaging which is a part of normal brain imaging protocol has a great role in differentiating typical from atypical meningiomas. In this study, typical meningiomas tended to have a larger ADC values & NADC ratios than atypical and malignant ones. Only one case of pathologically proven rhabdoid malignant meningioma (Grade III) has high ADC value & NADC ratio (features of typical type). Conclusion: Our results indicate that The distinction between benign and atypical / malignant meningiomas is neither easily nor reliably accomplished to date when assessing the imaging features of meningiomas on routine MR images.DWI is helpful in distinguishing benign from malignant and atypical meningiomas. Mean ADC values of atypical/malignant meningiomas were significantly lower compared with benign meningiomas. Mean NADC ratios in the atypical/malignant group were also significantly lower than the benign group.
INTRODUCTION
eningioma is the most common primary non-glial intracranial neoplasm. It occurs in adults between the ages of 40-70 years of age and tends to occur more often in women, the reported average age for females is 42 years and that for males is 52 years. Meningiomas are benign but locally aggressive tumor, they are found in the following anatomic sites in descending order of frequency: parasagittal region, falx, cerebellar convexity, olfactory groove, tuberculum sellae, sphenoid ridge, petrous face (CPA), tertorium, lateral ventricle, clivus as well as other sites (1) .
The classification and grading of meningiomas is classified into Three degrees, Grade I benign (90%), grade II atypical (5-7 %) and Grade III malignant (1-3%). While it has long been recognized that the presence of brain invasion in a WHO grade I meningioma confers recurrence and mortality rates similar to those of a WHO grade II meningioma in general, prior WHO classifications had considered invasion a staging feature rather than a grading feature and opted to discuss brain invasion as a separate heading. In the 2016 classification, brain invasion joins a mitotic count of 4 or more as a histological criterion that can alone suffice for diagnosing an atypical meningioma, WHO grade II . (2) .
As in the past, atypical meningioma can also be diagnosed on the basis of the additive criteria of 3 of the other 5 histological features: spontaneous necrosis, sheeting (loss of whorling or fascicular architecture), prominent nucleoli, high cellularity and small cells (tumor clusters with high nuclear: cytoplasmic ratio) (2) .
Atypical and anaplastic (malignant) meningiomas are biologically more aggressive tumors that account for 10-15% of all meningiomas and are more prone to recurrence and rapid growth (1) .
These neoplasms are usually well encapsulated with broad dural attachments. Adjacent bony destruction or hyperostosis is common as intramural psammomatous calcification. Some meningiomas are quite invasive and may extend into the dural sinuses and skull base (1) .
Imaging plays a role in intracranial lesions management. Magnetic resonance imaging in particular has emerged as imaging modality most frequently used to evaluate intracranial lesions. In general, the role of MR imaging in the work up of intracranial mass lesions can be broadly divided into diagnosis, classification, treatment planning and posttreatment surveillance (3) .
MR imaging can demonstrate tumor vascularity, arterial enhancement, venous sinus invasion and relationship between the tumor and surrounding structures. This modality is advantageous in depicting the juxata-sellar region and posterior fossa and in demonstrating the rare presence of disseminated disease via CSF (4) .
Meningiomas range from iso-intense to hypo-intense on T1WIs and from iso-intense to hyper-intense in T2WIs after Gadolinium injection , they shows homogenous enhancement .Up to 72 % shows dural tail but it is not specific for meningiomas (5) .
Atypical features include heterogeneous enhancement, large amount of peri-focal edema, and absence of calcifications, necrosis and irregular margins. Found that atypical and malignant meningiomas or those that invade brain, may show resonance in location of NAA ( N-acetylasparate ) and differentiation from astrocytomas may then prove difficult , found that on MR Spectroscopy , alanine was not found to be increased in all meningiomas .so MRS cannot differentiate typical intracranial meningiomas from atypical meningiomas (1) .
Atypical and malignant meningiomas has marked increased signal on diffusion WIs and extremely low apparent diffusion coefficient on ADC maps. Mean ADC values for peri-tumoral edema do not differ between benign and malignant meningiomas (6) . MRI perfusion can provide critical information on vascularity of meningiomas that not available with conventional MRI (7) .
MATERIALS & METHODS Patients
This prospective study was conducted in Radio-diagnosis department-Zagazig University in the time frame of December 2016 to August 2017, and included 24 patients (9 males & 15 females; average age is 50 years old) referred from neurosurgery department. All of them were suspected to have meningiomas according to CT findings and institutional review board All MRI studies were done using Philips machine (01.5 Tesla). All patients were asked to get rid of any metallic subjects. The patients were informed about the duration of the examination, the position of the patient and the importance of being motionless.
MRI study was done with the patients in the supine position using the standard head coil. The examination was done before contrast administration, a scout sagittal T1-weighted view was obtained to verify the precise position of the patient and to act as a localizer for subsequent slices, then multiple pulse sequences were used to obtain axial images followed by coronal and/or sagittal images based on the location of the pathology encountered. In midline lesions sagittal planes were used while in laterally located lesions coronal images were more helpful.
The contrast media used was Magnevist (Gadolinium Diethylene Triamine Penta acetic acid) ("Gd-DTPA'')), it was administrated intravenously in a dose of 0.1 mmol/kg body weight. T1-WIs was obtained immediately after the end of contrast injection.
All cases were examined using the following protocol: The imaging sequence for DWI was a multi-section single shot spin-echo EPI sequence (TR/TE/NEX: 4200/140 ms/I) with diffusion sensitivities of b values = 0, 500 and 1000 s/mm2. The diffusion gradients were applied sequentially in three orthogonal directions (X, Y and Z directions). Sections of 5 mm thickness, interslice gap of 1 mm, FOV 240 mm and a matrix of 128 × 256 were used for all images. The total acquisition time was 80 s.
Three types were obtained; orthogonal images, trace images and ADC maps. The ADC maps were calculated automatically by MRI software and included in the sequence. Measurements of ADC were made in different regions of interest (ROI) of the lesions. The ADC values were expressed in 10−3 mm2/s. It was also noticed that 62.5% were females compared to 37.5% males. This table shows that para-sgittal and temporal sites were found to be the commonest anatomical sites of meningioma (25%, 25%) followed by falcine which represented 12.5% of the studied group. This table shows that irregular tumor margin and bone destruction were found to be more common among patients with atypical meningioma compared to typical one. However, peri-focal edema was the same in both groups. There is a growing interest in the applications of diffusion-weighted-imaging (DWI) in oncologic area for last ten years. DWI plays an important role in tumor detection and characterization. It does not require contrast medium, and it provides qualitative and quantitative information that can be helpful for tumor assessment (69) .
STATISTICAL ANALYSIS
Apparent-diffusion-coefficient (ADC) value is quantitative parameter of DWI which reflects diffusion movements of water molecules in various tissues. Most of the studies suggested that atypical meningiomas had lower ADC values than typical ones, so the calculation of the ADC value & NADC ratio are the best predictor of the histologic subtypes of meningiomas (1).
Our study included 24 patients, their ages ranged between 30-70 years with mean of 43.5 years. Almost half of them (45.8%) were in 30-40 year's group followed by 25% in 41-50 year's group. It was also noticed that 62.5% were females compared to 37.5% males.
In agreement with Neenu Philip et al., 2017 (68) who stated that meningiomas are more common in women. Also Tantawy et al., 2010 (1) stated that Meningiomas predominantly occur in adults between the ages of 40-70 years of age and tend to occur more often in women, the reported average age for females is 42 and that for males is 52.
In this study, para-sagittal and temporal sites were found to be the commonest anatomical sites of meningioma (25%, 25%) followed by falcine which represented 12.5% of the studied group.
Neenu Philip et al, 2017 (68) stated that the most common sites of occurrence are the cerebral convexities, parasagittal location and sphenoid ridge, accounting for 20-34%, 18-22% and 17-25%, respectively. Cerebellopontine angle is another frequent site of involvement with meningiomas accounting for approximately 10-15% of all cerebello-pontine angle neoplasms.
Most meningiomas are benign and classified as Grade-I according to World Health Organization (WHO) standards. Benign meningiomas are subdivided into four basic subtypes:
fibroblastic, transitional, meningothelial and angioblastic. Atypical and malignant meningiomas display less favorable clinical outcomes and are classified as Grades-II and -III. Atypical/malignant meningiomas are biologically more aggressive tumors that account for 10-15% of all meningiomas and are more prone to recurrence and rapid growth, they are subdivided into clear, papillary and Rhabdoid type (1) .
In this study, 15 patients had typical meningioma with percentage of 62.5% and only 9 patients (37.5%) had atypical meningioma. In the histopathological entities, meningiothelial type was the commonest type in typical meningiomas represented by 53.3% followed by transitional type (20%). As regarding atypical/malignant meningiomas, rhabdoid entity was the commonest form (44.5%) followed by papillary type (33.3%).
Neenu Philip et al, 2017 (68) & Tantawy et al, 2010 (1) stated that the meningiothelial, fibroblastic and transitional types are the most common in typical meningiomas; however the rhabdoid & papillary types are the commonest in atypical and malignant meningiomas.
In our study, we found that peri-focal edema is more likely seen with high grade tumors as it was seen in 8 out of 9 cases of atypical/malignant meningiomas but only in 8 out of 15 cases of typical meningiomas.
In agreement with Drevelegas et al, 2011 (70) who stated that meningiomas that are more biologically aggressive, tend to display greater amount of edema regardless of location.
In this study, heterogeneous signal intensity seen on T1WI, T2WI or both are Our study shows that the cutoff value of ADC of less than or equal to 0.55 can be used as a predictor for occurrence of atypical meningioma with sensitvity of 88.9%, specificity of 100%, PVP of 100% and PVN of 91.7%.
In agreement with Filippi et al, 2001 (72) who reported that ADC values less than 0.52 x 10−3 mm2/s was seen in atypical meningiomas. Also Nagar et al, 2008 (48) estimate the cut of ADC value & NADC ratio between typical and atypical meningiomas groups for optimal tumor grading and found that ADC values & NADC ratios in atypical meningiomas are significantly lower than in typical meningiomas. This also agrees with Bano et al, 2013 (73) studies. Hakyemez et al, 2006 (74) stated that only few studies have evaluated DW MR imaging for grading meningiomas, some have found that apparent diffusion co-efficient of atypical meningiomas was significant lower than that of typical meningiomas. Furthermore the accuracy and clearly defined threshold ADC value to distinguish between typical and atypical meningiomas has not been established.
In this study, Functional MRI is able to correctly identify 15 out of 15 patients with typical meningioma (using histopathology as a gold standard), it can also identify 8 out of 9 patients with atypical meningiomas. Functional MRI has a sensitivity of 100%, specificity of 88.9%, PPV of 93.7% and NPV of 80%. However the conventional MRI is able to correctly identify 10 out of 15 patients with typical meningiomas, it can also identify 4 out of 9 patients with atypical meningioma as compared to the gold-standard histopathology. Conventional MRI has a sensitivity of 66. 
